Contrary to the conventional belief, time integrated asymmetry are measurable in selected final states in the neutral B system at symmetric e + e − colliders. They occur due to the interplay of weak and strong phases of two different amplitudes in addition to the B 0 −B 0 mixing. Observation of these asymmetries would be evidence for direct CP violation in the decay amplitudes.
CP violation is one of the few remaining unresolved myseries in particle physics. The explanation in the Standard Model based on Cabibbo-Kobayashi-Maskawa (CKM) matrix is still not established. Although there is no conflict between the observation of CP violation in the K-system and theory [1] , intriguing hints of other plausible explanations emerge from astrophysical considerartion of baryon to photon ratio in the universe [2] . Models based on additional Higgs bosons or gauge bosons can equally well explain the existing data [3] . It is for this reason that exploration of CP vioaltion in the B system is so crucial. The B system offers several final states that provide a rich source for the study of this phenomena [4] . The principle techniques at electron-positron colliders that will be used involves: (a) measurement of particle-antiparticle partial rate asymmetries, and (b) rate aysmmetries in the neutral B system with a lepton tag for one of the B mesons and the decay of the other B into a CP eigenstate f (e.g. f -ψK S ) [5] ,
The rationale for building an asymmetric electron-position collider arises from the well known observation that time integrated asymmetries arising from B 0 −B 0 production in C = −1 state are washed out due to quantum coherence of the initial state. On closer examination this is exactly correct only when the amplitude for the process B 0 → f has a single weak phase. As we show below, when the amplitude is a mixture of two terms with different weak and strong phases, the asymmetry though diluted, still remains.
Consider the deay of the coherent B 0B0 state produced in C = −1 state as in the decay of Υ(4s). If t 1 and t 2 denote decay times of the states that were pure B 0 andB 0 at time zero, and f a is a flavor specific decay like l −ν D * that tags pureB 0 state, while f b is a CP eigenstate (e.g. ψK S , π + π − , π 0 π 0 ...), then the rate is given by [5] Rate
where ∆m is the mass difference between the heavier and ligher neutral B mesons, A andĀ are amplitudes for B 0 → f andB 0 → f respectively, and q and p are complex parameters defining B 0 andB 0 mixing. The rate for B 0 (t 1 )B 0 (t 2 ) →f a f b is given by similar expression with replacement
For the leptonic mode which involves a single weak phase, we have
In the B system |q/p| = 1 to a very good approximation. If there is a single amplitude contributing to the decay B 0 → f b , we have |A(f b )| = |Ā(f b )| and the cosine term drops off.
The asymmetry then is proportional to sin(∆m(t 1 −t 2 )). This term vanishes when integrated over t 1 , t 2 from zero to infinity as would be the case for a symmetric collider. Consider now the case where the contribution to the decay B 0 → f b contains two contributions with different weak and strong phases. This situation arises when a process has both tree and penguin contributions. We can write in generality
where T and P stand for the tree and penguin contributions, δ w and δ s are the weak and the strong relative phase between the tree and penguin amplitudes. We can now take T and P to be real. For the antiparticle amplitude we havē
Time integrated rate for B 0B0 → f a f b is now given by
The asymmetry is given by
where
2 ) ≈ 0.5 [6] , which is the dilution factor. It is important to note that the asymmetry arises from the weak phase in the direct amplitude. Thus, in a superweak type model, this asymmetry would be zero. In the following we consider three
In the SM the decay amplitudes forB
generated by the following effective Hamiltonian:
where the superscript f in c f i indicates the loop contribution from f quark, and
where R(L) = 1 + (−)γ 5 , and q ′ is summed over u, d, and s. For ∆S = 0 processes, q = d, and for ∆S = 1 processes, q = s. O 2 , O 1 are the tree level and QCD corrected operators.
O 3−6 are the strong gluon induced penguin operators, and operators O 7−10 are due to γ and Z exchange, and "box" diagrams at loop level. The Wilson coefficients c f i are defined at the scale of µ ≈ m b which have been evaluated to the next-to-leading order in QCD [7, 8] . We give these coefficients below for m t = 176 GeV, α s (m Z ) = 0.117, and µ = m b = 5 GeV [8] , 
where c t i are the regularization scheme independent WC's obtained in Ref. [8] . The leading contributions to P i s,e are given by: P i s = (α s /8π)c 2 (10/9 + G(m i , µ, q 2 )) and
Using the unitarity property of the CKM matrix, we can eliminate the term proportional to V cb V * cq in the effective Hamiltonian. The B decay amplitude due to the complex effective
Hamiltonian displayed above can be parametrized, without loss of generality, as
where T q contains the tree contributions and penguin contributions due to u and c internal quarks, while P q only contains penguin contributions from internal c and t quarks.
To obtain exclusive decay amplitudes, we need to calculate relevant hadronic matrix elements. Since no reliable calculational tool exists for two body modes, we shall use factorization approximation to get an idea of the size of asymmetry Asy. The numerical numbers obtained should be viewed as an order of magnitude estimates. The important message is that direct CP violations in decay amplitudes are detectable. Measurements of rate asymmetries at symmetric colliders will provide useful information about CP violation. In the factorization approximation, we have [9] T
where c 
It is a well known fact that in order to obtain asymmetry in rates, the decay amplitudes must contain relative weak and strong rescattering phases. In our case the weak phases are provided by the phase in the CKM matrix elements. For the strong rescattering phases, we use the phases generated at the quark level with the averaged q 2 = m 2 b /2 in eq.(11). The strong phases generated this way are about 10 o . The final results for the asymmetries are given in Fig. 1 . In the case ofB 0 → π 0 π 0 , we obtain a large asymmetry if sinγ is large.
The asymmetry can be as large as 12%. The asymmetry forB 0 → π + π − is smaller by a factor about 3. In the case forB 0 → π 0 K S , we also obtain smaller asymmetry. In a previous paper we have shown [9] that the rate difference ∆(π
One naively expects the asymmetries for both cases to be of the same order. However, this is not the case because the decay amplitude forB 0 → π 0 π 0 is dominated by the tree amplitude which in proportional to a 2 and is therefore suppressed, thus increasing the asymmetry, while the decay amplitude forB 0 → π 0 K S is dominated by the penguin contributions which is not suppressed, and therefore resulting in a smaller asymmetry [10] . We used two sets of different form factors evaluated in Ref.
[12] and Ref. [13] . It is interesting to note that the asymmetries inB
insensitive to the choice of the form factors.
The measurement of asymmetry Asy can also be used in principle to obtain information about the weak phase angle γ through the use of eq.(8) with δ w = γ. There are likely to be errors in T and P evaluation using factorization approximation, but the ratio P/T is probably more reliable. The largest source of uncertainty is from the evaluation of δ s . δ s calculated at quark level is approximately 10 o and this may be good to about 30%. If that is indeed the case, γ will be determined with the same error. Further improvements in the theoretical treatment of nonleptonic B decays are required for a more defenitive determination of the weak phase.
We would like to point out that measurements discussed here will also have great impact on the efforts to test the SM by measuring the CKM untarity triangle. To measure some of the phase angles in the unitarity triangle, it is necessary to measure rate asymmetries in time evolution at asymmetric colliders [4, 5, 14] . There are two terms varying with time, one varys as a cosine function and the other as a sine function. The coefficient C s of the sine term contains information about the phase angles in the unitarity triangle. If the coefficient C c (proportional to Asy) of the cosine term is not much smaller than C s , like the case forB 0 → π 0 π 0 , without knowing the precise value for C c the measurement for C s will be difficult. Precise measurements of both coefficients C s,c are required. Although C c can also be measured at asymmetric colliders, it is clear that independent measurements of C c from a symmetric collider will provide useful information for determining C s at an asymmetric collider. We would like to thank Sheldon Stone for carefully reading the manuscript and making useful suggestions.
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